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e B, — ptu~ can only occur through

higher order FCNC diagrams in b w' Ty
Standard Model (SM) YT
e Suppressed by the GIM Mechanism t - Y, _
and helicity s P

e SM predicts very low rate with little |
SM background (BR(Bs — w A,

ptpt) = (3.24£0.2) x 1079, S RN
BR(By — ptp~) = \ / 0
(1.040.1) x 1071°, E.Gamiz et al. '

(HPQCD Collaboration), A.J. Buras
et al.

e BSM models predict enhancement
e Ratio of BR(Bs — p*p™) and

BR(By4 — p*u~) is important to m//\w
discriminate amongst BSM models

e Clean experimental signature
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Analysis Description

Simple Analysis

e 2 Muons

o |dentify methods of suppressing background and keep signal

e Look for bump in di-muon mass distribution

o

Analysis Strategy

e Blind ourselves to di-muon signal mass region

e Use mass sidebands to estimate dominant background in signal region
e Optimize selection criteria a priori

Build confidence in background estimates by employing same methods on
control regions
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What do we measure?

[; B(BY = J/WK* — /,,+,rK+)]

6""5 6resra ot

4 B B B 1

Ng+ ~2x10°, 2o ~ 1| s ~ 1, B ~ 05, g ~ 1
“Bs B: s Bs

[; ~3, BBt = J/UKY = ut T KT) ~ 5 x 10*5J

CDF Il 7 fb"
N§7ooo§— T |
e Measure rate of B, — putpu~ relative to 2 6000 N(E) = 32331+ 240
Bt — J/\UK+, J/\U - ,U+M_ l;:ie-,ooog p,(B)>4 GeVic
e Apply same selection to find BT — J/WK™ §400% E
e Systematic uncertainties will cancel in ratio, e.g. %zz:g: F
dimuon trigger efficiency is the same for both 8 gpF™ g
modes 0"515 52 525 53 535 54

Invariant Mass [GeV/c?]
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Signal vs. Background

Signal Properties

+ o ’/'
T L Pl
o Final state fully reconstructed e -

e B is long lived (¢ =~ 450um) [T T—
e b fragmentation is hard: few additional tracks o

primary vertex

Background contributions & characteristics

Sequential semi-leptonic decay: b — cu= X — ptpu=X
Double semi-leptonic decay: bb — u~pu™X

Continuum p~pt

1 + fake and fake+fake

e Partially reconstructed

di-muon vertex
e Softer Layf
. ’
e Short lived ! primary vertex
e Less isolated

B — hh: peaking in signal region

y

W. Hopkins (Cornell) Search for B, 4 — pu+ pu— Decays at CDF Il Oct 2011 5/ 27



Signal Discrimination

e 14 Discriminating variables
e |nvariant mass of muons with 2.50 1 CDF Il 7 o’

window, 0=24 MeV [ ——— CC+CFsideband sample ]
[ h
------- CC+CF signal MC sample 1
CDFII 7 i — , b
" T o ) ; . !
% o Pointing § oo M.:;:DT. 3 O 10 1 | sideband : M., > 5.0 GeV/c 4
2 =" Angle 1 g et . o £ 3
8 - 8 ::::7 Isolation B r :.‘:
o B ss000f- Q L IR
2000) s __‘_,—-"- ,::::, _--: = 10 2l £
TeTTeS 0 0s 0s e | Lch E 1
AQ [rad] Isolation [ ]

§ oo pImpact § o B Impact 10% | , ‘ ,

2 umf Parameter 2 wmf’ Parameter |

& 8 o 1 0 02 04 06 08 1

NN output

aonf 4

= T
i e o e . . o .
’ ’ e Combined in NN, optimized with
% ool 20 Docay ] £ = Vertox Fit S|gn-a| -MC and da'fa mass sideband
g ma Length ] T oap Chit2 e Optimize NN a priori with data
S ef Significance ] O 2500 . .
] oo mass sideband and signal MC
e ] o e e Validated NN with normalization
Lfou, 2, mode and control region
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Combinatorial background

e Fit common slope to all sidebands
of NN bins

e Exclude region of B — utu~X
decays from sidebands

e Estimate systematics due to shape
uncertainty

e Expect about 0.8 events in most
sensitive bin
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Peaking B — hh background

Peaking in signal region

Estimated using MC and D*-tagged D° — 7+ K~ data
e MC for pr and mass distibution
e D*-tagged for fake rate: Ratio of pions/kaons passing muon ID
e D*-tagged sample large enough to bin in pr and luminosity

Only 10% of combinatorial background in B;
10x larger in By

NN Bin CcC CF
0.700 < NN < 0.970 | 0.03£0.01  0.01+ <0.01
0.970 < NN < 0.987 | 0.01+ <0.01 0.01£ <0.01
0.987 < NN < 0.995 | 0.02+ <0.01 0.01+ <0.01
0.995 < NN < 1.000 | 0.08+0.02 0.03+0.01

Table: B—hh Bs background for the 3 highest NN bins and the lower 5 bins combined.
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Background Estimate Check

e Check background estimates with
background dominated control

samples

e Signal has two opposite sign
muons with positive lifetime

e Control samples have opposite
sign negative lifetime, same-sign
positive/negative lifetime, and

reverse muon ID
e Total of 64 samples

NN cut

H

pred

CcC

obsv  prob(%)

0.700<NN<0.760
0.760<<NN<0.850
0.850<NN<0.900
0.900<NN<0.940
0.940<NN<0.970
0.970<NN<0.987
0.987<NN<0.995
0.995<NN<1.000

217.4L(12.5)
262.0-(14.1)
117.9+(8.6)
112.1+(8.4)
112.7+(8.4)
80.2(6.9)
67.6-(6.3)
32.5-(4.2)

203
213
120
116
108
75
41
35

T
99.1
44.7
39.4
64.2
68.3
99.8
37.5

e Apply same background methods
on control sample that we can

unblind

Good agreement between observed and expected background
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B — hh Background Check

e Used control sample with
reversed muon ID cuts:
enhanced in hadrons

e Total of 16 samples

CDF 1l 7 fb" FM+ CC, 0.995<NN<17.000
Estimated fake rates for this m t ﬁ
sample using D*-tagged for fake +

. . 5 54 5
rate: Ratio of pions/kaons e Gevic
failing muon ID

o N A o ® B

Candidates per 20 MeVic 2

e Checked combinatorial and peaking background estimates with control

samples
e Good agreement between predicted and observed
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Expected Sensitivity

NN Bin enyv  B—hh Bkg  Total Bkg Exp SM Signal

0.700 < NN < 0.970 | 20% 0.03 129.2446.50 0.26+0.05
0.970 < NN < 0.987 | 8% < 0.01 7.91£1.27 0.1140.02
0.987 < NN < 0.995 | 12% 0.02 3.95+0.89 0.16+0.03
0.995 < NN < 1.000 | 46% 0.08 0.79+0.40 0.59+0.11

e ~ 80% signal efficiency for NN
e Small contribution of peaking background compared to combinatorial (Bs)
e Expect ~1 SM signal event

Expected Limits

Bs: 1.5 x 107% at 95% CL
Bg: 4.6 x 1079 at 95% CL
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Results: By

,CDF T’
CC 070<v, <097 | 0097 <v, <0987 0.987 <, <0.995 v, >0.995 ﬂ |
1] L 009
~ -
o 0 0.8
i
RN v}-\s};’% L 0.7
3 x0.2 ?l_‘ 0.6]
R I s A 15 SRS S nca o AW 0.5 20 E
% “{cF 070<v, <097 | 0.97 <v, <0.987 0.987 <, <0995 v, >0.995 | *o
%“" r 0.4 —=— MedExp |
S Background 0.3 . Obs =
3 L
Epthy I ez
x0.2 Nieshss t\L 4_4« ’i_‘ 0.1 E
fﬁi -9
L A il ISSSEANS SETESS o S IFESNRNNER [ I TN I ||
5231 5279 5327 65231 5279 5327 5231 5279 5327 5231 5279 5327 0 2 4 6 8 10 12 1 16 1+8 go
m,, (MeVic?) BR(B — u*w)

e Five mass bins

e Five lowest NN bins combined

e Light gray: Background estimates

e Hashed: Systematic errors on background

e Error bars on points: Poisson error on mean

e No excess in By mass region (p-value=23%)

By limit: B(By — ptpu~)<6.0 x 107° @ 95% C.L.
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Results: B,

CC 070<v, <097 | 097 <v, <0987 0.987 <v, <0995 v, >0.995

|

B
1
T

Blop'y

@
1

Candidates per 24 MeV/c?

CF o070<v,<097 | 097<v, <0987 0.987 < v, <0995 v, >0995
10 F
Background
5_?‘%%%: Wosonaicsw) |
- 4“\1?‘]*% bbb 10°
M s okl 5 55 oF S =8N 0 x
0 10 20 30 40 50
5322 5370 5418 6322 5370 5418 5322 5370 5418 5322 5370 5418 BR(B - M-O' p-)
s

m,, (MeVic?)

e Dark gray: Expected SM signal

e Excess in in CC
e p-value for background only hypothesis: 0.27%
e p-value for SM+background hypothesis: 1.92%

Bs limit: B(Bs — putp~)<4.0 x 1078 @ 95% C.L. (> 20 from expected) |
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B,: Central Values, Bounds and P-Values

CDF Il 7o ‘ ‘
=
< @f J
e Used Ay? method SE
o Cross checked with Bayesian Posterior method 47 E
e Includes all systematics 37 90% Bound i
e 90% Bound:
4.6 x107° < B(B; — ptu~) <3.9x 1078 3 | eonsans ]
e Stable: No large deviation when only using T
subset of bins ‘ \w*/‘ ‘ 1

Il Il N
5 10 15 20 25 30 35 40 45 50
SO HTW)

o2

o}
2
©

Summary of p-values and limits

All Bins 2 Highest NN Bins
Central Value (x10~%) 1.870¢ 14758
90% Bounds (x1078) | 046 <B <39 033 <5 <33
Bkg Only p-value 0.27% 0.66%
SM+Bkg p-value 1.92% 4.14%
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Third NN Bin Excess

Background Estimate Problem

CC 070 v, <097 | 097<v <0867 | 0987<v,<0995 |  vy» o095
e Combinatorial Background Problem + B
. o1 :
e By Uses same sideband as Bs = No T ’;I;T T _i r
i Y -
excessinBy =1 S l 1 _
CF 070<v,<087 | 087<v,<0987 | 0987<v,<0995 V> 0995

3

e Peaking Backgound Problem
e Only peaking background is B — hh
e 10x larger in By region
e No excess in By = good fake rates

Background

] \\m Wi (sws) |
+ x0.2 Ras
1 T T 1 5 AV L

5322 5370 5418 5322 5370 5418 5322 S370 5418 5322 5370 5418

m,, (MeV/c?)

Candidates per 24 MeV/c?

o

v

Neural Network Problem

e Mass bias?

e Overtrained?

e Mismodels data?
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NN Studies: Mass bias

NN Output vs Dimuon Mass for

NN Output vs Dimuon Mass for
Control Sample

Signal Sample (blinded)

1 CDF Il 7 fb!
0.36 CDF Il 7fb 1

0S-
NN > 0.7

30.34; 5 09

3 S —— 3 ﬂwﬂﬁmﬂﬁ # +*+*++++ ++++++++++++++++++++++ﬁ+++

prd pd

=0.32F Z 0.8

O 3 | L L NI T L L L L 0_7 |
"~ 48 5 52545658 5 55
Dimuon mass (GeV/c?)

2
M, (GeVic)
Unlikely to be cause of excess in 3rd NN bin of CC
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NN Studies: Overtraining and Mismodeling

NN SB background eff for NN’s Bt — J/4K*T MC and Data Signal

trained on different fractions of SB NN Output Distribution
o CDFl 7fo! cc
Q_ . » r T T T T T —
£ Fraction of sample £ B JUK M ]
g used in l\iN tra|n|ng % E— Data SB subtracted =
0 —80% & 10001 -
® : =]
= i e ]
S o0 AT i
c10° A E
S c
- 0.95 0.955 0.96 0.965 0.97 0.975 0.98 0.985 0.99 0.995 1
8 L NN Output
S 1 1
L 07 0.8 0.9 1

NN output

Unlikely to be cause of excess in 3rd NN bin of CC
MC models data well
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Conclusion o NN bin

e Not due to any NN mismodeling
e Not due to background mismodeling
¢ Only explanation left: Not unlikely statistical fluctuation in 80 bins

From PRL:

In short, there is no evidence that the excess in this bin is caused by a mistake or
systematic error in our background estimates or our modeling of the vyy
performance and distribution. The most plausible remaining explanation is that
this is a statistical fluctuation.
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Current Experimental Status

August 2011

CDF 7 b

arXiv:1107.2304

,  LHCb337pb"

LHCb-CONF-2011-37

, CMS 1.14 b

¥ arXiv:1107.5834

CMS+LHCb

LHCb-CONF-2011-47, CMS-PAS-BPH-19

H SM Prediction

(68% CL region)
0 10 20 30 40 50
BF(B,—u*u)x 10° @ 95% CL
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Conclusion

o CDF updated the B; — pt i~ search with doubled dataset (7fb™') and
improved analysis technique

e CDF has excess of B; — uT ™ events at the level of 2.70 relative to
background only hypothesis

e Set the first two-sided bound on the rate:
4.6 x 107° < B(Bs — 7)) < 3.9 x 1078 at the 90% CL, compatible with
SM and other experiments

e Update analysis with full CDF dataset is ongoing
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Backup Slides
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Signal Discrimination

e Optimize NN a priori using data mass sideband and signal MC
e Validated NN with normalization mode and control region
o Checked for Overtraining
o Checked for Mass bias
e Checked MC modeling of data
e Divide data sample into several bins
e Two muon topologies: Central-Central (CC) and Central-Forward (CF)
e 8 NN bins ranging between 0.7 < NN < 1.0
e 5 mass bins: Allows mass shape determination
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Analysis Improvements

__ .CDF1I 7 o™
3 e R ]
o
e ~50% more data g New NN i
¥
e 20% Increase in acceptance by 8 """ =~ Old NN :
including CMX miniskirts and COT . @ 5| & ja
spacer regions ;:3 os ; g
e Using new dE/dx calibration for L o ¥ Jdi !
better y 1D 2 A !
. 3 1008 S
e Improved fake rates for peaking o Lj//
background estimates 2 10 20 30 40 50
e New neural network with 2x better 8 s
background rejection M gl ‘ i
0 20 0 60 80

Signal Efficiency (%)
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Combinatorial Background

NN Bin CcC CF
0.700 < NN < 0.970 | 129.2+6.5 146.3+7.0
0.970 < NN < 0.987 | 7.9+1.9 11.6+1.8
0.987 < NN < 0.995 | 4.0+1.1 3.3+1.0
0.995 < NN < 1.000 | 0.79+0.52  2.6£1.5

Table: Combinatorial Bs background for the 3 highest NN bins and the lower 5 bins

combined.

W. Hopkins (Cornell)

NN Bin CcC CF
0.700 < NN < 0.970 | 134.0£6.6 153.447.3
0.970 < NN < 0.987 | 8.2+2.0 12.1£1.9
0.987 < NN < 0.995 | 4.1+1.2 3.4+£1.1
0.995 < NN < 1.000 | 0.84+0.5 2.8+1.6

Table: Combinatorial By background.
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Fake rates

e Binned in pr and instantenous

luminosity
CDF I 7fb" Central
P @ 0.
s + - s +
[ nt&m &
CDF II 7 fb"! g 002 g 0.0 K
“ “ - x ] %
o Central Fall K ©12000] Central Fail K * w w
310000/ 2.00 Gevic<p ,<2.80 Gevic 3 2,00 GeVic<p <2.80 GeVic 0.015 1 0.015
2 2 10000} 1 44
M N= 35257 | 3 8000 N = 38626 oot oot
o = o P = ]
o 6000 - L IR t
8 $ 000 q 00051 & q 0.005-
3 40000 1 2 4000
35 5 o o!
2 2 24 6 8101214161820 24 6 8101214161820
& 2000 & 2000f ] P, [GeVic] P, [GeVic]
e TTeTEn e s 1o e
my, [GeVic?] my, [GeVic?] ° 0
& K
E 0.02F 1
- 70F ~ 7
o Central Pass K ) 180F Contral Pass K w 0.015)-
3 60| 200Goviesp <280 Govic 3 140 200 Govicep <280 Govic -
= = +
N N 120 e a2t 0.01F
g § 100} =421 4
2 g s E| 0.005} ﬂ'i ++ 1
3 S 60
= -] o
g 'g 40f 1 2 4 6 8101214161820
o S 20f ] P, [GeVic]
-
077675 1621 047 56785 1.0 1.921 94196 1.781.8 1.621.841.861.88 1.9 1.921.941.9¢

my, [GeVic?] Mg, [GeVic?]

W. Hopkins (Cornell) - Oct 2011



Fake rates: Pion and Kaon Enhanced Control Sample

o.COF 17 "

0.09)
0.08
0.07]
0.06
0.05
0.04
0.03
0.0

e Same procedure as with signal 001

Fake Rate

&

sample but now reversing muon 1D
cuts (dE/dx and muon likelihood

24 6 8101214161820
P, [GeVic,

0.09)
0.08
0.07]
0.06]
0.05
0.04
0.03
0.02
0.01

function)

Fake Rate

246 8101214161820
P, [GeVic,
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0.09)

0.07]
0.06}
0.05]
0.04]
0.03]
0.02]
0.01

24 6 8101214161820
P, [GeVic]
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Expected Sensitivity

(ags/as,) 0.307 £ o‘oﬁac (£6%) 0.197 £ 0.01C4F (E7%)
(el /e 0.99935 = 0.00012 (<1%) 0.97974 + 0.00016 (<1%)
(e /es®) 0.85 + 0.06 (£8%) 0.84 +0.06 (£9%)
ep (NN > 0.70) 0.915 4 0.042 (£4%) 0.864 4 0.040 (£4%)
g (NN > 0.995) 0.461 + 0.021 (£5%) 0.468 + 0.022 (£5%)
N+ 22388 + 196 (£1%) 9943 + 138 (£1%)
fu/fs 3.59 4+ 0.37 (£13%) 3.59 4+ 0.37 (£13%)
B(BY — pTu~KT) || (6.01£0.21) x 10~° (£4%) | (6.0140.21) x 10~° (£4%)
[ SES(Allbins) J[ (29%+0.5)x10° (£18%) | (4.0£0.7) x10°° (£18%) |

Combined Single Event Sensitivity (CC+CF) = 1.7 x 107°
Single Event Sensitivity is now to level of SM
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Background only

CDF I 7 fb™

k2] S — Bkg Only MC
. S 10 — Data ]
e Estimated p-values for background E 400 E
only and SM+background g 1053 b ]
hypothesis § : ]
. o 1 04 El p-value=0.27% 7
e Compare observed with the 3 of| ]
distribution expected from o 10 f
ensembles of pseudo-experiments 10%H E
e background-only 104 E
e background + signal at SM level 14, TR E

i I
. . 0 5 10 15 20 25
o All systematics included in Test Statistic [2In(Q)]

pseudo-experiments

Bs background only p-value = 0.27%
Bs SM+background p-value = 1.92%
B, background only p-value = 23%
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